BIOSENSOR WITH MULTI-CHANNEL A/D 
CONVERSION AND A METHOD THEREOF 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to a biosensor, and more 
particularly to a biosensor with multi-channel A/D conversion and a 
10 method thereof. 

2. Description of the Prior Art 

In recent years, various kinds of biosensors utilizing a specific 
15 catalytic action of enzymes to be used for clinical purposes have been 
developed. Most valuable use of such biosensors may be made in the 
area of e.g. diabetes treatment where it is vital for patients to keep their 
blood glucose concentration ("blood sugar level" below) within a normal 
range. For an inpatient, the blood sugar level can be kept normal under 
20 the supervision of the doctor. For an outpatient, self-control of the blood 
sugar level is an important factor for treatment in lack of doctor's direct 
supervision. 

The self-control of the blood sugar level is achieved through a diet, 
25 exercise and medication. These treatments may often be simultaneously 
employed under the supervision of the doctor. It has been found that the 
self-control works more effectively when the patient himself is able to 
check whether or not his blood sugar level is within the normal range. 
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Recently, blood sugar determining instruments have been used 
for self-checking of blood sugar level. For example, US Patent No. ^ 
6,349,230 provides a blood sugar determining instrument, as shown in 

5 FIG. 1, which mainly includes a main detecting unit 10 and a chip 12 for 
blood sugar measurement. As shown in FIG. 2, the chip 12 includes a 
strip-like substrate 122 provided in its front portion with an electrode 
section 1221. The electrode section 1221 is covered by a reaction layer 
124, a spacer 126 and a cover sheet 128. The electrode section 1221 is 

10 provided with an operational terminal 1222 and a counterpart terminal 
1224 surrounding the operational terminal 1222. The operational 
terminal 1222 and the counterpart terminal 1224 are electrically 
connected to lead terminals 1226 and 1228, respectively, which are 
formed on a base end portion of the strip-like substrate 122. The 

15 reaction layer 124, which covers the electrode section 1221, contains^ 
potassium ferricyanide and an oxidase such as glucose oxidase. 

The blood sugar determining instruments may be used in the 
following manner. A patient pricks his or her own skin with e.g. a lancet 
20 for oozing blood. Then, the oozed-out blood is caused to touch the tip of 
the chip 12 plugged into the main detecting unit 1. The blood is partially 
sucked into the reaction layer 124 by capillary action. The reaction layer 
124 disposed above the electrode section 1221, is dissolved by the blood, 
which starts an enzyme reaction, as the following formula: 
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D-Glucose + 2Fe(CN)63- + H2O » 

Gluconic acid + 2H+ + IFeiCH)^'*- 

v^u^iT ^' 

Potassium ferrocyanide is produced in an amount corresponding 
5 to the glucose concentration. After a certain period of time, a 
predetermined voltage Vref is applied on the chip 12 to electrochemically 
oxidize potassium ferrocyanide to release electrons. A response current 
is generated and passes through the operational terminal 1222. The 
response current is proportional to the concentration of potassium 
10 ferrocyanide produced by the enzyme reaction or to the concentration of 
the glucose. Therefore, the blood sugar level can be known by measuring 
the response current. 

FIG. 3 is a schematic diagram of a control circuit of the blood 
15 sugar determining instrument of FIG. 1, in which the electrode section 
1221 of the chip 12 can be regarded as a resistor Rs. The voltage Vref to 
be applied can be provided by a battery. The response current I 
generated by the chip 12 decays as time progresses to form a time- 
dependent discharge curve corresponding to the glucose concentration 
20 of the blood. Moreover, the response current I of each sampling time of 
the time-dependent discharge curve is converted to an output voltage 
Voutby a current/ voltage converter 30 formed of an operational amplifier 
310 having an amplification resistance Rf. As a consequence, the 
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response current I decaying as time progressing forms a voltage-time 
discharge curve, as shown in FIG. 4. Each voltage of each sampling time 
of the voltage-time discharge curve is converted to a set of digital signals 
by a single-channel A/D converter 32. A microprocessor 34 reads the 
5 digital signals output from the single-channel A/D converter 32, and 
calculates the glucose concentration of the blood in accordance with the 
digital signals. A reading of the glucose concentration is displayed on a 
display such as a liquid crystal display (LCD) 35. 

10 The voltage- time discharge curve shown in FIG. 4 is sampled in 

each sampling interval, and then sent to the single-channel A/D 
converter to convert to a set of digital signals. However, the single- 
channel A/D converter has a limited resolution due to the design itself. 
As a result, the resolution of the detection of the conventional blood 

15 sugar instrument cannot be improved. 

Accordingly, it is an intention to provide an improved biosensor, 
which can overcome the drawback of the conventional one. 

20 SUMMARY OF THE INVENTION 

It is one objective of the present invention to provide a biosensor 
with multi-channel A/D conversion, which is provided with an A/D 
converter with higher resolution to improve precision of the detection of 
25 a content of a specific component of a specimen provided on the present 
biosensor. 

It is another objective of the present invention to provide a 
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biosensor with multi-channel A/D conversion, which provides a multi- 
channel conversion for a time-dependent analog signal generated in 
response to a content of a specific component of a specimen detected by 
the present biosensor to improve the resolution of determination of the 
5 content of the specific component. 

It is a further objective of the present invention to provide a 
biosensor with multi-channel A/D conversion, which can improve the 
resolution of the determination of a content of a specific component of a 
10 specimen without increasing complexity of the combination of elements 
of the present biosensor. 

In order to achieve the above objectives of this invention, the 
present invention provides a biosensor with multi-channel A/D 

15 conversion and a method thereof. The present biosensor includes 
a chip generating a time-dependent analog signal in response to a 
content of a specific component of a specimen provided thereon, 
a multi-channel A/D converter and a microprocessor. The multi- 
channel A/D converter has multiple channels simultaneously receiving 

20 the time-dependent analog signal in each sampling interval in order that 
the multi-channel A/D converter converts the time-dependent analog 
signal to a set of digital signals. The microprocessor receives the sets of 
digital signals in a period of sampling time and determines the content of 
the specific component based on the sets of digital signals. 

25 

The present biosensor is provided with a multi-channel A/D 
converter, which outputs a set of digital signals with more bit number 
than a single-channel A/D converter used in the prior biosensor so as to 
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improve the resolution of the A/D conversion. As a consequence, the 
precision of the detection of the present biosensor can be improved. 
Moreover, the present biosensor is readily provided since the complexity 
of the combination of the elements of the present biosensor is not 
5 increased upon adding the multi-channel A/D converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objectives and features of the present invention as well as 
10 advantages thereof will become apparent from the following detailed 
description, considered in conjunction with the accompanying drawings. 

FIG. 1 is a schematic perspective view of a conventional blood 
sugar determining instrument; 

15 

FIG. 2 is an exploded view of a chip of the conventional blood 
sugar determining instrument of FIG. 1 ; 

FIG. 3 is a schematic diagram of a control circuit of the 
20 conventional blood sugar determining instrument of FIG. 1; 

FIG. 4 is a diagram of a voltage-time discharge curve obtained 
from the conventional blood sugar instrument of FIG. 1; 

25 FIG. 5 is a schematic diagram of a control circuit of the present 

biosensor according to an embodiment; 

FIG. 6 is a schematic block diagram of a multi-channel A/D 
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converter used in the present biosensor; and 

FIG. 7 is a flow chart of an example of the present method. 
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a biosensor with multi-channel 
A/D conversion and a method thereof. The present biosensor mainly 
includes a chip generating a time-dependent analog signal in response 

10 to a content of a specific component of a specimen provided thereon, a 
multi-channel A/D converter and a microprocessor. The multi-channel 
A/D converter has multiple channels simultaneously receiving the 
time-dependent analog signal in each sampling interval in order that the 
multi-channel A/D converter converts the time-dependent analog signal 

15 to a set of digital signals. The microprocessor receives the sets of digital 
signals in a period of sampling time and determines the content of the 
specific component based on the sets of digital signals. A reading of the 
content of the specific component can be displayed through a display. 
The present biosensor provides the multi-channel A/D conversion for 

20 the time-dependent analog signal sampled per sampling interval in order 
that the set of the digital signals converted therefrom with more bit 
number than that from a single-channel A/D converter used in the 
conventional biosensor. The multi-channel A/D converter of the present 
biosensor is able to increase the resolution of A/D conversion, and 

25 providing higher resolution than the single-channel A/D converter. 
Hence, the present biosensor can provide a precision of the detection to 
the content of the specific component of the specimen higher than that 
of the conventional one with the single-channel A/D converter. 
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The principle of the present biosensor for monitoring the content 
of the specific component of the specimen is the same with that of the 
conventional biosensor of FIG. 1. The specimen is applied on the chip 
having been plugged into the main detecting unit of the biosensor of the 
5 present invention. And, the content of the specific component to be 
detected present in the specimen is determined in accordance with a 
result of an enzyme-catalytic reaction between the specific component 
and the enzyme of the chip. Therefore, the specific component of the 
specimen to be detected depends on the type of the enzyme of the chip. 

10 For example, when the chip contains glucose oxidase, the biosensor can 
be used to monitor a glucose concentration of a blood sample. When the 
chip contains lactate oxidase, the biosensor can be used to monitor a 
concentration of lactic acid of saliva. For example, when monitoring the 
glucose concentration of the blood sample, the blood sample is applied 

15 on the chip of the present biosensor, the glucose of the blood sample and 
potassium ferricyanide proceed an electrochemical reaction under 
catalysis of the glucose oxidase, producing potassium ferrocyanide in an 
amount proportional to the glucose concentration. Hence, after a period 
of time that the blood sample has been applied on the chip, i.e. the 

20 enzyme-catalytic reaction completes, an applied voltage is applied on the 
chip in order for the chip generating a response current in response to 
the blood glucose concentration. That is, the applied voltage makes 
potassium ferrocyanide in the amount proportional to the glucose 
concentration proceeding oxidation to release electrons so as to generate 

25 the response current. 

The present biosensor will be described and explained in detail in 
accordance with the following embodiments with reference to the 
drawings. 

30 

FIG. 5 is a schematic control circuit of the present biosensor 
according to one embodiment of the present invention. The present 
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biosensor shown in FIG. 5 includes a chip having a resistance Rs and a 
main detecting unit. The chip generates a time-dependent response 
current I passing through in response to a content of a specific 
component provided thereon upon an applied voltage applied on the 
5 chip. The main detecting unit includes a current/ voltage converter 50, a 
multi-channel A/D converter (analog- to-digital converter) 52, a 
microprocessor 54 and a liquid crystal display 56. The current/ voltage 
converter 50 including an operational amplifier 510 with an 
amplification resistance Rf is used to convert the time-dependent 

10 response current I to a time-dependent voltage Vout. The time- 
dependent voltage Vout is simultaneously sent to multiple channels chi, 
ch2, cha, chn-i and chn of the multi-channel A/D converter 52 to 
convert to a set of digital signals per sampling interval. Referring to FIG. 
6, which is an exemplary block diagram of the multi-channel A/D 

15 converter 52, The multi-channel A/D converter 52 may include a 
sampler 521, a converter 522 having multiple channels and a logic 
circuit 524. The sampler 521 receives an analog signal per sampling 
interval, then sends the selected analog signal simultaneously to the 
multiple channels chi, ch2, cha, ch4, , chn-2> chn-i and chn of the 

20 converter 522 to convert to a number of sets of digital signals 
respectively corresponding to each of the multiple channels. The logic 
circuit 524 receives the sets of digital signals for combining them, and 
outputs a set of digital signals with more bit number than each of the 
sets of digital signals from the converter 522. For example, in case that a 

25 selected analog signal is inputted to each of the channel chi, ch2, chs, 

ch4, , chn-2, chn-i and chn of the converter 522 and converted to a set 

of 8-bit digital signals, respectively. The sets of 8-bit digital signals are 
sent to the logic circuit 524, and may be combined to a set of 10-bit 
digital signals, 12-bit digital signals, or 16-bit digital signals, based on 

30 the architecture of the logic circuit 524, for output. Hence, the multi- 
channel A/D converter 52 could have a resolution of A/D conversion 
higher than that of a single-channel A/D converter. Therefore, the 
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present biosensor could have a resolution of detection higher than that 
of the conventional biosensor with the single-channel A/D converter 32, 
as shown in FIG. 3. 

5 Referring to FIG. 5 again, the microprocessor 54 receives the sets 

of digital signals in a period of sampling time, and then determines the 
content of the specific component of the specimen in accordance with a 
time-dependent discharge curve constituted by the sets of digital signals. 
A peak value and a rising time corresponding thereto can be obtained 

10 from the time-dependent discharge curve. The peak value represents a 
maximum value of the time-dependent discharge curve. The 
microprocessor 54 can calculate the content of the specific component of 
the specimen by the following ways. First, a mapping table of peak value 
versus content of the specific component can be previously established 

15 in the microprocessor 54, and the microprocessor 54 determines the 
content of the specific component in accordance with the time- 
dependent discharge curve and the mapping table. Second, a mapping 
table of rising time versus content of the specific component can be 
previously established in the microprocessor 54, and the microprocessor 

20 54 determines the content of the specific component in accordance with 
the time-dependent discharge curve and the mapping table. A reading of 
the content of the specific component of the specimen is displayed via a 
liquid crystal display 56. 

25 In another aspect of the present invention, the present invention 

provides a method for determining the content of the specific component 
of the specimen, FIG. 7 is a flow chart of an example of the present 
method, in step 70, the specimen is provided on the chip plugged into 
the main detecting unit of the present biosensor. The chip generates a 
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time-dependent output voltage, in response to the content of the specific 
component of the specimen upon applying the applied voltage on the 
chip. In step 72, the time-dependent output voltage is simultaneously 
sent to each channel of the multi-channel A/D converter 52 to convert to 
5 a set of digital signals during each sampling time. Then, in step 74, the 
set of digital signals is sent to the microprocessor 54. In step 76, the 
microprocessor 54 determines the content of the specific component of 
the specimen in accordance with the time-dependent discharge curve 
constituted by the sets of digital signals collected during a period of 
10 sampling time. In addition, the microprocessor 54 calculates the 
content of the specific component of the specimen in accordance with 
the time-dependent discharge curve and the mapping table above- 
mentioned. 

15 The present biosensor is provided with the multi-channel A/D 

converter, which outputs a set of digital signals with more bit number 
than a single-channel A/D converter used in the prior biosensor so as to 

improve the resolution of the A/D conversion. As a consequence, the 
precision of the detection of the present biosensor can be improved. The 
20 present biosensor is readily provided since the complexity of the 
combination of the elements of the present biosensor is not increased 
upon adding the multi-channel A/D converter. 

The embodiments are only used to illustrate the present 
25 invention, not intended to limit the scope thereof. Many modifications of 
the embodiments can be made without departing from the spirit of the 
present invention. 
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